A marked increase in the population aged 60 years and over is evident; the proportion of the older adult population will rise 18.6% in 2025. On the other hand, obesity, metabolic syndrome (MS), diabetes and insulin resistance (or low insulin sensitivity-IS) are diseases related to lifestyle, they have become a social and public health problem. IS is the ability of cells to react due to insulin´s presence; when this ability is diminished, low insulin sensitivity or insulin resistance (IR) is considered. Studies show that IS decreases with age, though no one knows exactly if it is directly due to aging or changes in muscle mass. IS can be determined using direct or indirect methods. This paper aims to propose an insulin sensitivity method design from anthropometries and lipid measures. The methodology consist in a simple correspondence analysis for determine the variables, and a parametrical optimization using Avignon method as optimal function. The database used is composed by 120 Ecuadorian older adults with and without MS. The results show that the proposed optimized method got a better correlation with Avignon compared to non-optimized method. The proposed method could discriminate between subjects with and without IR and with and without MS. This is an important contribution since other methods like HOMA-IR, which is the most used in clinical practice, cannot find these differences, this means that HOMA-IR is not sensitive for IS estimation in elderly people. Future works will focus in the determination of cutoffs for insulin resistance diagnosis in the proposed method.
INTRODUCTION
According to the report of the World Health Organization, the region of the Americas presents a marked increase in the population aged over 60 years, and for 2025 this proportion of the population will rise 18.6%. In 2037, the median rate of aging in the region will reach the value of 100 adults aged 60 and over for every 100 children under 15 years, i.e.: half the countries in the region have more than one adult for each child that age (aging index above 100) [1] .
Low insulin sensitivity can lead to a state of insulin resistance (IR), which is a clear sign of pre-diabetes. The IR is a condition caused by an inefficient use of insulin by the cells; increase secretion thereof to maintain normoglycemia, this in long term leads to diseases such as: Diabetes, cardiovascular disease and obesity. The early diagnosis of insulin resistance plays a vital importance to prevent diabetes and its complications [4] .
With the rapid growth of the older adults' population, it is important to support health systems to provide a good quality of life for seniors. Studies show that IS decreases with age, though no one knows exactly if it is directly due to aging or changes in muscle mass [5] .
Direct and indirect methods exist for IS quantification. The most known directs methods are the minimal model for intravenous glucose tolerance test (MINMOD-IGTT) and the hyperinsulinemic-euglycemic clamp (HEC) [6] . The HEC is the most accurate direct method to determine insulin resistance; however its implementation protocol is extremely invasive. Indirect methods, such as the model of homeostatic assessment to determine insulin resistance (HOMA-IR) [7] and Avignon method [8] ; they are less invasive than direct methods because they use OGTT data.
Spearman Correlation technique is used to establish indirect methods´ accuracy through direct method. The most correlated are the results between both indirect and direct methods more accurate is the indirect one. HOMA-IR is the indirect method most used in clinical practice for insulin resistance diagnosis. HOMA-IR uses fasting insulin and glucose values to calculate insulin sensitivity and the cut value (considered normal) less than 2.5 [9] (but other cutoffs have been proposed for specific populations [10] ), nonetheless its accuracy is not the best (Spearman with MINMOD-IGTT = 0.67) [11] . On the other hand, Avignon method use the glucose and insulin of two samples OGTT, and its accuracy is better than HOMA-IR (Spearman with HEC = 0.89).
Among the limitations of the HOMA-IR index can be named: i) their inability to detect insulin resistance in its early stages and that alterations of insulin and fasting blood glucose manifest when the metabolic dysfunctions are already present in the body, ii) high sensitivity in patients who already have insulin resistance but not in diabetic patients with pancreatic beta dysfunction [12] , and iii) the lack of a reference range for the diagnosis of insulin resistance. Avignon method also has the limitation that it has been tested on databases with few subjects and there are not cutoffs available to determine insulin resistance.
Some studies have used other parameters in addition to glucose and insulin through different methodologies, to determine IR. Anthropometric variables can be useful in the early diagnosis of insulin resistance [13] [14] . Several factors such as body mass index (BMI), age, diastolic blood pressure, cholesterol, HDL and LDL, and HOMA-IR index, have been used to predict the incidence of years of metabolic syndrome in a Japanese male sample [15] . In addition, unsupervised learning has been applied to characterize a metabolic syndrome population [16] .
Recently a multi-parametrical database for the study of metabolic syndrome and cardiac complications in the elderly population of Cuenca, Ecuador has been developed. Preliminary results were reported [17] . This database contains data from 120 older adult performing two samples OGTT. The two samples OGTT consists in the measured of insulin and glucose levels in two different blood samples: one at fast and the other 120 minutes after an oral intake of 75 grams of glucose.
The aim of the study is to evaluate a method design from anthropometric and lipid measures in Ecuadorian older adult population without using the glucose and insulin values from the OGTT. The index will be design by using the methodology proposed by [14] in which a correspondence analysis and a parametric optimization is performed, according to the data obtained from metabolic syndrome and non metabolic syndrome subjects, taking as target function Avignon´s method. The database used is more extensive than the used in [14] so the results could be more conclusive.
METHODOLOGY
In this section we present the database (section 2.1) and the methodology in three stages: Simple correspondence analysis (section 2.2), random sub-sampling cross validation (section 2.3) and statistical analysis (section 2.4).
Database
In 2015, senior adults aged more than 65 years without diabetes were recruited into the DIUC-PROMETEO project named: Heart rate variability and insulin sensitivity in the elderly population of Cuenca, Ecuador [17] . To each subject was performed an hematology, a lipid profile, anthropometric measures (BMI and waist circumference-WC), international physical activity questionnaire 2 (IPAQ) [18] and a two points OGTT (fasting glucose and insulin measures and other sample taken in a 120 minute interval after the 75 gr glucose intake). The clinical protocol adhered to the principles of the Declaration of Helsinki and was approved by the Bioethical Committee of the Medical Science Faculty of University of Cuenca in Ecuador; all the subjects gave a written informed consent.
The database used in this investigation is composed from 120 Ecuadorian subjects (male=42) discretized in two types of populations: subjects with metabolic syndrome (MS) and subjects without metabolic syndrome (Control). The characteristics of these populations are shown in table 1. 
Simple correspondence analysis
A simple correspondence analysis (SCA) was performed to determine the variables used in proposed method. SCA is a descriptive technique which allows a simultaneous representation of variables and individuals in the same space; it builds a map and characterizes the main variables resulting from different profiles. Graphical representation allows perception and interpretation of data into a two-dimensional space, where axes represent percentage of the variables [19] . In SCA performed for this study, numerical variables were defined by biochemical and anthropometrical measurements taken from each individual. On the other hand, categorical variable represents the amount of individuals belonging to each category. Finally, individuals are the subjects belonging to each group [14] . The categorical variables nomenclature used is shown in table 2.
Random sub-sampling cross validation
Random sub-sampling validation method randomly separates data in: training data and validation data. In each separation, classifier algorithm is re-trained with correspondent data and validated with remaining data. Results are later averaged [20] . In figure 1 a scheme of parametrical optimization of proposed method can be observed. In step one, a random selection of training and validation data is made using a uniform distribution (75% of data was taken for training and remaining data for validation in each populations). In step two, training sample is used to change new method´s parameters until find a proper combination where the Spearman correlation of the proposed method with Avignon (target function) is the best. In step three, validation samples and parameters found in step two are used in order to obtain the Spearman Correlation of proposed method optimized with Avignon (see equation 1) [8] ; steps one to three are performed ten times. Finally, parameters which had given the best correlation on step three will be averaged to obtain final parameters [14] .
Avignon method [8] is detailed in equation 1, where: I 0 and G 0 , are the fasting insulin and glucose. I 120 and G 120 , are the insulin and glucose 120 minutes after ingest of 75 grams of glucose. VD is an estimate of the apparent glucose distribution volume.
Statistical analysis
Wilcoxon test was used to find significant differences in IS methods between groups, since these are not paired samples. A value of p<0.05 was considered statistically significant. Statistical analysis was performed using the Matlab´s Statistics and Machine Learning Toolbox (version 2015a).
RESULTS AND DISCUSSION

Simple correspondence analysis
In tables 3 and 4, and figure 2, it can be observed the SCA performed to database. The table 4 shows the axes variance representation, the axes 1 and 2 were chosen because they represent 71.12% of the total variance of the data. Table 3 presents the contributions of variables on the SCA. A distribution found (see figure 2b) suggest that triglycerides with contribution of 69.51% and HDL with 26.31% (see Axis 1, Table 4 ), can discriminate between the MS and control subjects. Figure 2a shows that impaired waist circumference is more related to MS subjects than normal waist circumference, it suggest that waist circumference can discriminate between MS and control subjects. In the same way, the variable obesity is more related to MS subjects and NW is more related to Control subjects indicating that BMI can characterize the study groups.
All these findings corroborate the work of [14] , in this research the impaired BMI, triglycerides and WC were the variables more related to MS subjects, they used a data base of 40 young adult subjects. In our work we are using a database of 120 subjects belongs to older adults. We can observe that in older adults and young adults these impaired variables have the same tendencies on SCA. 
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Proposed method
The BMI, WC and triglycerides were the selected variables for the construction of the proposed method (equation 2) due they could discriminate between groups in the SCA. The proposed method has a slightly different to the one presented in
STEP 2
Training data
STEP 3
Validation data
It is repeated 10 times
The average of the α, β and γ, obtained in STEP 3, are taken as final parameters Search the combination of the parameters α, β, γ; with the best correlation with Avignon method
The optimized parameters (α, β, γ) training in STEP 2, are used to find the correlation with the Avignon method Uniform distribution
STEP 1
Random selection for validation and training data the work [14] ; since that work was done using CAUMO as optimization method comparator, in this case it is used as comparison method Avignon index, which has good correlations with a direct method HEC in different populations [8] . The equations 2 and 3 present the proposed method and optimized proposed method. Where: BMI is the body mass index defined as body weight per the square of height (kg/m 2 ), TG is the plasmatic triglycerides value and TG N = 150 mg/dL is the cutoff value considered as normal and WC is the waist circumference (m) [14] . The proposed method has a constant in the beginning of the equation because in the optimization procedure the better correlations were those that had negative values, so in order to avoid negative values in the proposed method optimization we added a constant.
Parametrical optimization procedure required the addition of three parameters to each variable (BMI + α, WC 2 + β and TG/TG N + γ). The values of parameters were modified until the best Spearman's rank correlation coefficient (r close to ±1) between optimized and Avignon method was obtained [14] . Table 5 shows the Spearman correlation between proposed method and optimized proposed method with Avignon method. The optimization performed to optimized proposed method, improves its correlation to Avignon among all populations than proposed method, and the p-value<0.05 indicates statistical significances in Spearman correlation in optimized proposed method. Table 6 , shows the mean and standard deviation for each parameter of optimized proposed method. Table 5 . Spearman correlation between proposed and optimized proposed method.
MS Control
Proposed method r -0.300000 -0 Figure 3 shows the optimized and proposed method boxplots and figure 4 shows the Avignon and HOMA-IR boxplots. The two groups were divided into metabolic syndrome subjects with insulin resistance (MS-IR), metabolic syndrome subjects (MS), control subjects with insulin resistance (Control-IR) and Control subjects (Control). Significative differences were found between all groups in optimized and proposed methods. In Avignon and HOMA-IR, significative differences were found between MS-IR and MS and between Control-IR and Control. IR and Control-IR groups are not different, this is not in concordance with literature, where it is documented that a person with MS has aggravate his condition if has also insulin resistance [21] . Therefore a subject without dyslipidemia, without prominent abdominal circumference and normal BMI, should not have similar insulin sensitivity than a subject with MS, considering that it is well documented that obesity can generate insulin resistance [22] . Optimized methods suggest that insulin sensitivity is different in each group and this is more evident in the optimized proposed method (Figure 3a ). In figure 5 , a comparison between optimized proposed method and proposed method is presented. The graphic shows that optimized proposed method could separate subjects with and without MS with certain exceptions (see line dotted in figure 5 ). Almost all cases of MS-IR subjects could be separated from control subjects; however, some control-IR subjects remain in the control group, and this is because they do not present dyslipidemia, prominent abdominal circumference and altered BMI. On the other hand, some control subjects are located in the group with MS, these subjects have two of the criteria for the MS diagnosis, because of that, they were not included in the MS group, this is a contribution of this paper since the presence of two or more of the included MS criteria [3] could lead to develop MS related diseases as atherosclerosis, heart disease and diabetes.
CONCLUSIONS
This work presents the design of an insulin sensitivity estimation index in Ecuadorian elderly subjects using the methodology developed in a previous work [14] . First, a SCA was performed to determine the variables used in the designed method and a parametrically optimization using the Avignon method as comparator, which has a high accuracy with HEC [8] .
In the SCA, impaired values of WC, triglycerides and BMI were related to MS subjects and in the same way normal values WC, triglycerides and BMI were related to Control group. With these variables a new method were proposed and Normalized parametrically optimized for older adults. These findings suggest that WC, triglycerides can discriminate MS subjects and Control in Ecuadorian elderly adults, which corroborates the research of [14] , they found that impaired values in WC, triglycerides and BMI are related to MS young adults.
The optimized proposed method could discriminate between subjects with and without insulin resistance and with and without MS. This is an important contribution since other methods like HOMA-IR, which is the most used in clinical practice, cannot find these differences, meaning that HOMA-IR is not sensitive for the population under study.
Prevalence of elevated triglycerides and low high density lipoprotein (HDL) concentration, both components of MS are elevated. Also MS in older adults living in Ecuadorian highlands is highly prevalent (40%) [17] . Measures to diagnoses early MS and IR may improve the quality of life in this rising part of the population. Proposed method suggests the possibility of an insulin sensitivity indicator among older adults with the use of minimal invasive and easy to measure parameters (triglycerides, WC and BMI). Future works will focus in the determination of cutoffs for insulin resistance diagnosis.
